I. INTRODUCTION
Since the publication of the second paper in this series,' I have been asked, repeatedly, to discuss publicly "Bulletin No. 4," issued from the Pepsodent Laboratories, July 23, 1919. I do so briefly and directly below. Before proceeding to this discussion, the reader is reminded of our previous statements about the feebleness and lack of utility of the Franke and Gies: Journal of Dental Research, 1919, i, p. 511. pepsin in, and as a part of, Pepsodent used as a dentifrice, which were summarized on p. 512 as follows:
"Pepsodent does not possess appreciable digestive power on dental mucin plaques when Pepsodent is applied as a dentifrice to the teeth.
"The pepsin in Pepsodent is too small in proportion, or too weakly 'assisted' by the acidity of the Pepsodent, or both, to enable Pepsodent to show more than insignificant digestive action on mucin and other proteins, even after hours of contact of Pepsodent with mucin and other proteins, under the most favorable conditions of temperature, time, concentration, and contact, for the elicitation of signs of digestive power and action.
"The 'activation' that the acid calcium phosphate in Pepsodent may afford the pepsin in Pepsodent-and on which the digestive activity and plaque-removing power of the pepsin is said to depend-is insignificant in degree and unimportant in effect.
"The weak acidity of the acid calcium phosphate in Pepsodent-on which the digestive action of the pepsin avowedly depends-is so promptly neutralized, by the basic substances in saliva, that the insignificant activating influence of this acidity on the pepsin, at the moment of the introduction of Pepsodent as a dentifrice into the mouth, is promptly reduced to nothing and the advertised foundation for the activity of the pepsin completely swept away."
The reader is requested to note particularly that the foregoing statements relate to pepsin in, and as a part of, Pepsodent used as a dentifrice.
II. THE CONTENTS OF PEPSODENT " BULLETIN NO. 4" "The object of this Bulletin," says its author, "is to describe and illustrate methods by which the proteolytic activity of the pepsin in Pepsodent may be determined." Two methods for this determination are described. They are quoted verbatim below, respectively as "Method A" and "Method B"-the italics in each instance are mine.
[The author of "Bulletin No. 4" does not state that these methods are intended for the determination of the proteolytic power of Pepsodent as Pepsodent, but only of the "pepsin in (from) Pepsodent!"] Method A "Immerse a hen's egg, which is not less than five nor more than twelve days old and has been kept in a cool place, in boiling water during twenty minutes. As soon as the egg has sufficiently cooled to handle it, remove the pellicle and all the yolk; at once cut the coagulated albumen into cubes each weighing about 2 grams.
"Mix the contents of one regular-sized tube of Pepsodent with 50 cc. of distilled water, stirring vigorously to insure thorough mixing. By means of a water-bath, warm this mixture to 37.50C. "Having prepared the Pepsodent suspension and the freshly coagulated egg-albumen cubes as described above, suspend the latter in the former, for fifteen minutes, by means of a platinum wire and silk thread, with occasional stirring, at a temperature of 37.5 C.
"At the end of fifteen minutes, remove the albumen cubes from the Pepsodent suspension, and at once, without washing, triturate them in a small glass mortar until a finely divided condition of a pasty consistency results. Each cube should be triturated separately and digested in individual digestion tubes. Transfer the triturated masses thus formed to digestion tubes containing 25 cc. of 11 per cent lactic acid. Shake vigorously and digest in a water bath at 52TC., with frequent agitation (once every ten minutes) for two and a half hours. At the end of that time, digestion will be practically complete and the coagulated albumen will be almost entirely dissolved. When the albumen cubes are taken from the Pepsodent suspension, they are covered with a layer of tri-basic calcium phosphate [Ca3(PO4)2], the abrasive used in Pepsodent, which remains as a residue after digestion and which must not be confounded with undigested egg albumen.
"Controls must be run in connection with each digestion experiment. These are carried out according to the above described directions but omitting the fifteen minutes suspension step of the albumen cubes in the Pepsodent mixture.
"In place of lactic acid, an aqueous solution of soluble carbohydrates (glucose) may be employed and this, by fermentation, converted into lactic acid. For experimental purposes the former process is preferred because it may be carried out in much less time.
"The conditions described above have been chosen because it is believed that they operate in some ways under conditions which exist when Pepso-. dent is used as a dentifrice." THE JOURNAL OF DENTAL RESEARCH, VOL. II, NO. 2 Method B "Mix the contents of one regular-sized tube of Pepsodent with 75 cc. of distilled water, stirring vigorously to insure thorough mixing. Transfer this mixture to a cylinder of 100 cc. capacity and set it aside for seventytwo hours to subside.
"Immerse a hen's egg, which is not less than five nor more than twelve days old and has been kept in a cool place, in boiling water during twenty minutes. As soon as the egg has sufficiently cooled to handle it, remove the pellicle and all the yolk; at once rub the albumen through a clean, dry, hair or brass, No. 40 sieve, reject the first portion that passes through the sieve, and place 10 grams of the succeeding portion in a glass digestion tube.
"Pipette off 10 cc. of the clear supernatant fluid formed in the Pepsodent mixture and add it to the 10 grams of granulated egg albumen. Add 50 cc. of hydrochloric acid, 0.3 per cent, and shake vigorously until thoroughly mixed. Place this tube in a water-bath heated to 52TC. for two and onehalf hours. By means of a thin glass-rod, stir the contents carefully every ten minutes. If the pepsin in Pepsodent is active, the egg albumen will be almost entirely digested.
"The water-bath is best prepared from a 3-litre beaker and an ordinary paraffin bath, the beaker enabling the operator to observe the process constantly.
"A control tube should be run in connection with each experiment, consisting of the above method with the 10 cc. of Pepsodent fluid omitted. It will be noticed that no digestion takes place in the control tube. In cases of incomplete digestion, the column of albumen left may be compared with the control column and thus the relative activity may easily be determined. " The object of eliminating the abrasive by subsiding is to remove it from the field so that the digestion process is more easily visible. Traces of abrasive may be carried into the digestion tubes and this will remain as insoluble matter. The latter should not be confounded with undigested egg albumen.
"The above process is essentially the process recognized by the United States Pharmacopoeia, IX, for the assay of pepsin. Slight modifications have been made to make the process more applicable to this preparation. These methods in some ways operate under conditions which exist when Pepsodent is used as a dentifrice." "Another object" of the Bulletin, it is said, "is to show (with the aid of these methods) that the pepsin in Pepsodent remains active." Results obtained with these methods are illustrated photographically. On the last page of the "Bulletin" is given the "Pepsodent formula." Conclusions in "Bulletin No. 4"
The following "conclusions" are summarized at the end of the "Bulletin:" "(1) Pepsodent contains the enzyme pepsin. "(2) This enzyme, pepsin, is in an active state. "(3) This enzyme is capable of rendering albumen soluble by means of digestion. " (4) Time has very little, if any, effect on Pepsodent. "(5) Pepsodent, after nearly three years, possesses all its proteolytic (digestive) power. "(6) Pepsodent is free from substances injurious and destructive to oral tissue, for such destructive substances would soon completely destroy the sensitive enzyme pepsin." Method A is designed to enable the operator to concentrate on the albumen cubes, by adsorption, most if not all of any pepsin in a whole tube of Pepsodent. The cubes, with the pepsin in the Pepsodent-water mixture adherent to them, and with all the other constituents of Pepsodent out of the way, are immersed in an excess of 11 per cent (!) lactic acid solution, which activates the pepsin that sticks to the cubes, thus causing the digestion of the protein in the cubes. Digestion of the protein in the cubes under these conditions shows the presence of activatable pepsin in the Pepsodent-water mixture in which the albumen cubes were first immersed-but that's all it does show, so far as quality of Pepsodent is concerned.
This method gives no information on the action of pepsin in, and as a part of, Pepsodent when the latter is used as a dentifrice. It is not explained in the "Bulletin" why egg albumen instead of salivary mucin was used as the protein to indicate the presence of pepsin in Pepsodent. The reader of the "Bulletin" is also not informed why each small cube of albumen (with pepsin sticking to it) was immersed, for the activation of the pepsin, in a large excess of such a strong acid as 11 per cent lactic acid solution instead of in a solution of the substance that is said to activate the pepsin in Pepsodent, namely, acid calcium phosphate (1.04 per cent). If the latter is of any real use as a pepsin activator, why was a large excess of strong lactic acid preferred to it by the author of Method A? Further, one wonders why it was necessary to warm the mixtures to 520C., to obtain evidence of digestive power; and why, if the activity of the pepsin was not insignificant, it took several hours of such heating in an excess of the strong acid to demonstrate the exhibition of some peptic power? In what respects are these strikingly artificial conditions comparable with those that obtain in the mouth during the use of a dentifrice?
It is observable, also, that the protein, used to show the digestive power of the pepsin taken from Pepsodent, was not allowed to remain in the form of cubes, with their surfaces of definite though restricted extent, analogous to those of dental mucin plaques. Instead, in order to give further special help to the available pepsin, the protein (albumen) was finely divided by trituration.
The results with Method A, as illustrated in "Bulletin No. 4," show merely that there is some pepsin.in Pepsodent, but obviously these results demonstrate nothing regarding the power or utility of this pepsin in, and as a part of, Pepsodent used as a dentifrice, for they relate to pepsin removed from and tested outside of Pepsodent.
It is stated, at the end of the description of Method A, that, "in place of lactic acid, an aqueous solution of soluble carbohydrates (glucose) may be employed and this, by fermentation, converted into lactic acid. For experimental purposes the former process is preferred because it may be carried out in muck less time." Readers of the "Bulletin" will probably wonder with me why, assuming that the author of the "Bulletin" was not unduly hurried in its preparation, there is no illustration among the twelve in the "Bulletin" to show that the above mentioned alternative procedure, involving the action of acid produced by the fermentation of glucose solutions, is nothing more than an assumption.
At the end of the description of Method A, it is also said that " the conditions described (in that method) have been chosen because it is believed that they operate in some ways under conditions which exist when Pepsodent is used as a dentifrice." In view of the fact that the outstanding feature of Method A is the adsorptive separation of pepsin from Pepsodent, and the concentration of the pepsin on the protein to be digested, with the complete elimination of all the other constituents of Pepsodent from the field of action, one wonders what the phrase, "in some ways," in the above (last) quotation is intended to suggest. Certainly, "in some ways" is a purely speculative allusion in this relation.
Perhaps the author intends to suggest by the phrase, "in some ways" (although he does not say so), that dental mucin plaques (like the egg-albumen cubes) adsorb pepsin from Pepsodent, when the latter is used as a dentifrice, and that then the plaques are digested by the pepsin that is thus gradually concentrated on the plaques. But how, if this is the author's idea, would the pepsin thus adsorbed on the plaques be activated so that the pepsin would digest the plaques? Surely not by acid calcium phosphate in, or from, the Pepsodent that yielded the pepsin, for the author of the "Bulletin" ignores acid calcium phosphate as an activator in Method A; and it is well known to be practically useless as a peptic activator (despite its advertised employment for this purpose in Pepsodent).
Possibly, and this seems to be the only alternative under the circumstances, the author intends to suggest (although he does not say so) that pepsin is adsorbed into dental mucin plaques from Pepsodent used as a dentifrice; that this pepsin is then activated by fermentation acid (such as lactic acid) produced in and under the plaques by microorganisms; and that then the mucin plaques are digested away by the activated pepsin. But what a fantastic theory that would be?
According to such a theory, the plaques must first be formed (must be there) in order to adsorb pepsin (meanwhile bacteria are destructively busy in and under the forming plaques). Then, the adsorption of pepsin in effective proportion takes considerable time, if the pepsin must be obtained from small amounts of Pepsodent used several times daily as a dentifrice (meanwhile bacteria continue to be destructively bus in and under the plaques). Finally, with the plaques in place and pepsin adsorbed in effective proportion, fermentation acid (produced by the imbedded organisms) must be present at the surfaces of the plaques, in proportions sufficient to activate the pepsin there. But, of course, as fermentation acid forms, in and under a dental mucin plaque, it tends just as rapidly to react with the enamel, or salivary secretions, or both, and thus to disappear (or diminish below the effective peptic activation proportion), by neutralization; and, as such acid continues to be replaced by the action of the organisms in the plaque, the acid continues just as rapidly to disappear by combining with bases in the enamel and saliva. Thus, much acid may be produced but its proportion may be ineffective continuously. A dog chasing its tail, and getting nowhere in particular, is a good dynamic illustration, in ordinary observation, of the circuitous futility of events according to any such hypothesis as the one outlined above. Those who might insist, with reference to such a theory, that there is "something in it," however, would find it much more logical to argue that a mouthwash consisting of a relatively strong aqueous solution of pepsin, without any of the other ingredients of Pepsodent, would be far better (and much cheaper) as a dentifrice, than Pepsodent, because the pepsin in such a solution could be presented more favorably for its universal distribution in the mouth, and its more rapid and effective adsorption there (presumed in the theory) on all the plaques that might be deposited on the teeth.
Method B
Method A results, in effect, in (a) lifting the pepsin out of a tubeful of Pepsodent after the pepsin has been attached to (adsorbed by) the protein used as a peptolytic (digestive) indicator, (b) thus getting rid of everything else in Pepsodent, and then (c) substituting a very strong activator (11 per cent lactic acid solution) for the useless so-called activator in Pepsodent (acid calcium phosphate, 1.04 per cent). In this special way, these particularly favorable laboratory conditions, which are unlike those in the mouth, show simply the presence of some pepsin in Pepsodent, without throwing any light on the question of the power of the pepsin to act while it is in Pepsodent, or when the latter is used as a dentifrice. PEPSODENT ccBULLETIN NO. 43 Method B results, in effect, in (a) removal of the abundance of tribasic calcium phosphate (" the abrasive") from the contents of a tubeful of Pepsodent, (b) thus getting rid of a substance that neutralizes acids and acid salts, and interferes with the activation of pepsin, and, (c) ignoring the substance present with the pepsin and which is said (in the advertisements) to be an effective activator of the pepsin in Pepsodent (acid calcium phosphate), then (d) adding a large excess of 0.3 per cent hydrochloric acid solution to activate the pepsin associated with the inactive "activator," acid calcium phosphate. In this special way, unlike conditions developed in the mouth when Pepsodent is used as a dentifrice, these particularly favorable influences result in showing simply the presence of some pepsin in Pepsodent, without throwing any light on the question of the power of the pepsin to act while it is in Pepsodent or when the latter is used as a dentifrice.
The reader of the description of Method B will note particularly that, after the mixture of a tubeful of Pepsodent with 75 cc. of water has sedimented (in 72 hours), " 10 cc. of the clear supernatant fluid" (the volume used in each test) contains approximately one-tenth of the amount of pepsin and one-tenth the quantity of acid calcium phosphate in a tubeful of Pepsodent. Surely, if the acid calcium phosphate in Pepsodent effectively activates the pepsin in Pepsodent, then 10 cc. of the clear supernatant fluid would digest 10 grams of undried egg-albumen without the addition of 0.3 per cent hydrochloric acid solution or of any other activator. Why, then, the prescribed addition of this acid? If " 10 cc. of the clear supernatant fluid" in a test tube fails to show digestive power on protein, without the aid of an excess of fairly strong hydrochloric acid as an additional and effective activator, how can similar fluid from Pepsodent in the mouth accomplish, unaided by such acid, the digestion of mucin in dental plaques that is claimed for Pepsodent in the advertisements? Method B shows, in effect, that the author of the Pepsodent "Bulletin" (a) declined to rely on the advertised power of acid calcium phosphate effectively to activate the pepsin in 10 cc. of the clear supernatant fluid (free from " the abrasive"); that he then (b) proceeded wholly to ignore the so-called activator, acid calcium phosphate, in that fluid; and that he (c) added to that fluid something he knew would certainly activate, and activate effectively, whatever pepsin was present.
One wonders why the Pepsodent "Bulletin" did not show that the supernatant fluid, obtained from Pepsodent by Method B, is able to digest protein (mucin particularly) without the aid of anything, for this supernatant fluid is analogous to the fluid formed in the mouth when Pepsodent is used as a dentifrice. Here was an opportunity to demonstrate something more than the mere presence of some pepsin in Pepsodent. The author of the "Bulletin" had an opportuniy to show that the acid calcium phosphate in Pepsodent, in harmony with the claims in the Pepsodent advertisements, does effectively activate the pepsin in Pepsodent under conditions analogous to (but more favorable than) those that obtain when Pepsodent is used as a dentifrice.
There is no allusion in the Pepsodent "Bulletin" to the fact that Franke and Gies found that their equivalent of this "clear supernatant fluid" was so feebly peptic in digestive power on mucin that this power was practically insignificant.2 Franke and Gies also stated in this connection a significant fact to which the "Bulletin" does not refer in any way. They said (p. 364): "The slight degree of peptic digestive power that Pepsodent is slowly able to exercise .
. is completely suspended by the addition of such proportions of saliva as would ordinarily be mixed in the mouth, with the quantities of Pepsodent used to clean the teeth."
The Pepsodent "Bulletin" disproves nothing that Franke and Gies have shown-it merely ignores what they demonstrated that is unfavorable to the Pepsodent claims. The Pepsodent "Bulletin" is devoted to the presentation of evidence that Pepsodent contains pepsin. This has never been denied. Franke and Gies said in this connection (loc. cit., p. 364): "Pepsodent contains pepsin or something that, under particularly favorable laboratory conditions, behaves very feebly like pepsin." "Bulletin No. 4" has merely described methods that institute "particularly favorable laboratory conditions" in this connection. Under such conditions, it was shown that Pepsodent contains pepsin that is " feebly" peptolytic.
The dental profession wants to know whether Pepsodent, used as a dentifrice, removes dental mucin plaques by digesting such plaques, and whether the specific claim to this effect, in the Pepsodent adver-tisements, is true and demonstrable. The dental public is not interested in the academic question whether Pepsodent merely contains pepsin. That may be admitted; but what of it, if the pepsin does nothing when Pepsodent is used as a dentifrice? Does the contained pepsin do what the promoters of the sale of Pepsodent claim and advertise that that pepsin accomplishes when Pepsodent is used a's a dentifrice? That's the question. Our answer to that question is No. We find that the pepsin in Pepsodent will not accomplish in the mouth what is claimed for it, in Pepsodent advertisements, when Pepsodent is used as a dentifrice.
The "conclusions" summarized in "Bulletin No. 4"
The six conclusions summarized at the end of Pepsodent "Bulletin No. 4" were quoted above (page 303). Of these only the first three are important in this relation. These three conclusions affirm, in effect, that (a) Pepsodent contains pepsin, and that the pepsin in Pepsodent (b) "is in an active state" and (c) capable of digesting eggalbumen.
That Pepsodent contains pepsin has not been denied. That the pepsin in Pepsodent "is in an active state" is true to a material degree only if by the phrase, "active state," is meant: capable of being rendered active. The experiments described in the "Bulletin" show nothing more than that the contained passive pepsin may be rendered active (by such special means as those of Methods A and B). That the pepsin in Pepsodent is capable of digesting egg albumen was shown to be true of that pepsin only after its separation from Pepsodent and its special activation with 11 per cent lactic acid solution, in one series (Method A); and after the removal of all the tri-basic calcium phosphate ("the abrasive") from Pepsodent and special activation of the pepsin with 0.3 per cent hydrochloric acid solution, in another series (Method B).
The Pepsodent "Bulletin" does not discuss experiments performed with Pepsodent directly, in the form in which that dentifrice is used in the mouth. The "conclusions" are significantly silent on this point. The fifth conclusion might seem to be an exception to this statement. In that conclusion it is asserted "that Pepsodent, after nearly three years, possesses all its proteolytic (digestive) power." The allusions to the experiments on which this conclusion is predicated, however, show clearly that the author means to indicate in this relation, not that three-year-old Pepsodent possesses digestive power but that the pepsin in such Pepsodent, when that pepsin is specially activated (by Method A or B) outside of, and separated from, Pepsodent, exhibits digestive action.
IV. GENERAL REMARKS
The title of Pepsodent "Bulletin No. 4" is: "The proteolytic power of pepsin in Pepsodent." One notices that the title does not refer to "the proteolytic power of Pepsodent." The title of the "Bulletin" would have been more accurate and more direct than it is, if it had been worded: The proteolytic power of the pepsin in Pepsodent, after the separation of that pepsin from Pepsodent (where it is practically inactive), and after the special activation of that separated pepsin with a proportion of free acid that never occurs in the plaques on the teeth. I have never seen a statement in any journal, exclusive of ordinary advertisements, of the results of a study of the proteolytic (peptic digestive) power of Pepsodent that supported the claims of the Pepsodent Company in this connection. It seems singular, that, if Pepsodent is the powerful digestant of mucin plaques that it is said to be, and if Franke and Gies are in error in their contention that Pepsodent is not such a digestant when used as a dentifrice, no one has independently demonstrated that the Pepsodent Company is right and Franke and Gies are wrong. Three years have passed since our first publication on this subject. Is no one, outside of the Pepsodent Company's laboratories, disinterested enough to show, in the public service, that Pepsodent, purchased in the open market, is the powerful digestant of dental mucin plaques that the promoters of its sale claim it to be? Are not the dental editors of dental journals, that publish the Pepsodent claim to this effect, willing to demonstrate their loyalty to truth in advertising by showing that the facts in their editorial possession justify continuance of their publication of what Franke and Gies have found and publicly stated to be erroneous? V. CONCLUSIONS Pepsodent "Bulletin No. 4," issued in July, 1919, presents data to show that Pepsodent contains pepsin (which has not been disputed) but fails to show that this pepsin is capable of exerting any digestive action while it is present in Pepsodent, or in Pepsodent mixed with water or saliva, or both. The "Bulletin" fails to show anything directly regarding the digestive power of Pepsodent on dental mucin plaques when Pepsodent is used as a dentifrice.
An easy opportunity to show, in the use of Method B, that the Pepsodent Company knows that the acid calcium phosphate in Pepsodent effectively activates the pepsin in Pepsodent, in accordance with the Company's advertised claim to this effect, was not embraced by the author of "Bulletin No. 4." Instead of acid calcium phosphate, he used, for this purpose, even in the presence of acid calcium phosphate, an addition of either strong lactic acid or strong hydrochloric acid solution.
Pepsodent "Bulletin No. 4" does not refute any of the criticisms of Pepsodent that have been published by Franke and Gies-it merely ignores them.
VI. CUMULATIVE SUMMARY OF FINDINGS'
Mennen's Cream Dentifrice. The advertised claims that, used as a dentifrice, Mennen's Cream Dentifrice is (a) acid in reaction and that, (bi through the agency of acidity, this dentifrice "softens and breaks down deposits of tartar and . . . . mucin 'plaques,"' and "stimulates the flow and (increases the) alkalinity of saliva," are claims that are wholly unwarranted. Karshan and Gies. JOURNAL OF DENTAL RESEARCH, 1920, ii, p. 293 . Findings in support of the advertised claims stated above: Asserted only in promoters' advertisements; no other confirmatory findings are known to the authors named above.
Pepsodent. The advertised claims that, used as a dentifrice, Pepsodent (a) completely removes mucin plaques from teeth, and (b) effectively prevents re-formation of such plaques on teeth, by a digestive action of A summary of findings is appended to each of the papers in this series. These summaries are cumulative, in the sense that each includes the summaries of the papers preceding it. This plan enables us to present, recurrently, the sum of the findings in this series of investigations.
